Since the 1960's, beryllium machining was performed to make nuclear weapon components at the Department of Energy (DOE) Rocky Flats Plant. Beryllium exposure was assessed via fixed airhead (FAH) sampling in which the filter cassette was affixed to the machine, generally within a few feet of the worker's breathing zone. Approximately 500,000 FAH samples were collected for beryllium over three decades. From 1984 to 1987, personal breathing zone (PBZ) samples were also collected as part of the evaluation of a new high velocity/low volume local exhaust ventilation (HV/LV LEV) system. The purpose of this study was to determine how the two types of sampling data could be used for an exposure assessment in the beryllium shop. 
The FAH data indicated that four statistically different exposure periods existed from 1970 to 1988, as the FAH annual averages correlated with changes in the LEV system and production levels. A matched comparison between the FAH and PBZ sample data found no direct linear correlation (R2=0.014); however, the average PBZ results were higher that the FAH results (p = 0.0001). The average PBZ level was 1.04 ug/m3 while the FAH average was 0.16 ug/m3 (PEL for beryllium: 2 ug/m3).
A health surveillance program to identify cases of chronic beryllium disease (CBD) and beryllium sensitization has been implemented at Rocky
Flats. To date, 53 cases of CBD and 86 cases of sensitivity to beryllium have been diagnosed. Continuing case-control studies are evaluating semi-quantitative dose response relationships for CBD using the exposure monitoring data discussed herein.
BACKGROUND
Starting in the late 1950's, beryllium was used at Rocky Flats, now called Rocky Flats Environmental Technology Site (RETS), to make nuclear weapon components because it is light, strong, and an excellent neutron moderator/reflector. The beryllium was machined into casings for fissionable plutonium atomic weapons components produced at the site.
In the early 199O's, the weapons production and beryllium machining at RFETS was discontinued.
The inhalation toxicity of beryllium may occur through acute or chronic exposures. Exposures to high levels of beryllium may cause pulmonary edema and chemical pneumonitis, or may lead to the chronic disease. Chronic beryllium disease (CBD) is a non-caseating The purpose of this study was to evaluate the air sampling results collected at RFETS with the ultimate goal of approximating exposures for a case-control study. Considering a CBD prevalence of greater than 2% at RFETS, a subsequent case-control study may be helpful in deciding whether the current DOE, ACGIH, and OSHA beryllium limit of 2 ug/m3 provides ample protection.
METHODS
Although beryllium was used in at least 36 buildings at R E T S , the majority of the dust-producing work &e., machining and polishing) was performed in two adjacent rooms in Building 444. (9) This exposure assessment was limited to these two rooms. Of the 53 CBD cases, 45 either worked with beryllium, or had a job that required their presence, in Building 444 sometime during their employment.Q Also, most of the available PBZ sampling data were collected in these two rooms.
FAH Time Trend Analysis
The scope of this exposure assessment included the FAH data from 1970-88. During these years, fifteen machines and three walls in proximity to the machines were sampled routinely in the two rooms generating over 70,000 FAH results. A data set was drawn by randomly selecting the FAH results from two days per month per sampling site.
The resultant sample of 7,455 FAH results was used to calculate annual mean beryllium levels in the two machining rooms. The FAH data were aIso analyzed for homogeneity between the two rooms over the years.
Comparison of FAH Data to Production Levels and Ventilation
The FAH results were compared with production levels over similar time periods. The production levels were estimated from the amount of beryllium chips removed from the bulk beryllium during machining. The beryllium chips were estimated to be about a half of the total beryllium machined. In addition, the dates of local exhaust ventilation (LEV) changes were used as cut-off dates to determine distinct exposure periods using the Kruskal-Wallis Test based on the ranking of the FAH results.'")
Selection of PBZ Data
A data set of 162 PBZ samples was generated from the available 1984-87 data. The primary criterion for including the PBZ results in this study was a sample volume of greater than 1.1 cubic meters (m3), which corresponded to a sampling period between 6-8 hours (flow rate: 3-4 liters per minute). The highest sample volume was 1.8 m3. The PBZ data were also analyzed for lognormality.
Comparison of FAH and PBZ Data
To compare the FAH and PBZ data, results were matched by machine number and sampling date/time. A total of 102 matched pairs was found during the period from August 1984 to September 1986. After this later date, the high velocity/low volume local exhaust ventilation (wV/LV LEV) system was installed, reducing practically all PBZ results to the lowest recordable value. Thus, only results before the installation of the W / L V LEV system were considered useful for the FAH/PBZ comparison. shift. Only 16 were from the second shift, and 13 other PBZ results for which the time was not identified were assumed to be from the day shift.
Treatment of Zeros and "Scribed Values"
One major concern with the FAH data was the recording of the beryllium concentrations as zero in the sample logbook. From January 1970 to June 1984, the lowest value other than zero recorded in the logbook was 0.16 ug/m". This lowest value, called the "scribed value" in this study, seemed to be determined arbitrarily with questionable correlation to the flame atomic absorption detection limit. Between June 1984 and September 1986, the scribed value was 0.01 ug/m3, which may have been related to the detection limit. In September of 1986, after the HV/LV LEV system was installed, the scribed value was 0.05 us/m3.
These various scribed values were treated as follows in the analyses:
For the FAH time-trend analyses, the scribed value was halved. For example, when the scribed value was 0.16 ug/m3, the zeros were changed to 0.08 ug/m3. Likewise, when the scribed value was 0.01 ug/m3, the zeros were changed to 0.005 ug/m3. The authors believe this method provided the best estimate of the true average beryllium levels in the machining shop. Table I1 describes the production and LEV factors thought to affect airborne levels of beryllium in the shop areas during four exposure periods.
The Kruskal-Wallis Rank Test shows the FAH concentrations between the four exposure periods were statistically different (p-value = 0.001).(") Therefore, the time trend for changes in exposure were related to ventilation control modifications and production changes. Although the uncertainties present many questions pertaining to the FAH data, it is easy to accept the conclusion that the beryllium concentrations did vary through the years. Scanning the FAH estimated means in Table I , the differences in the concentrations are apparent. The Kruskal-Wallis Rank Tests illustrated that the FAH concentrations over the years were statistically different as the cut-off dates for the tests were defined by different LEV system installations and changes in production.
It would seem logical to categorize workers into different exposure groups depending on the dates in which they worked in the beryllium machining shop.
CONCLUSION
The ongoing beryllium health surveillance program at R E T S has identified over fifty cases of chronic beryllium disease in former and current workers. Many of these CBD cases worked in the two primary beryllium machining rooms. The PBZ data indicated that workers in these rooms were at least intermittently exposed to concentrations of beryllium greater than 2 ug/m3. In addition, using the FAH results as a guide, the time period in which the PBZ data was collected may not be indicative of when the exposures were the greatest. The FAH data indicate that concentrations did change over the years. The different annual average concentrations were primarily a function of the LEV system and production changes.
Although there are uncertainties, this study provides the best estimate of exposures for many of these cases to date. The results may be used for a semi-quantitative exposure assessment in an ongoing epidemiological study to help understand the etiology and exposure requirements for CBD. * Assuming lognormality FIGURE 1. Bridge Port Mill: (above) Used for small machining and drilling. Pen points to fixed airhead sampler that is within a few feet of the worker's breathing zone. This FAH was part of the exposure assessment. FIGURE 2. Heller Saw: (below) Cut beryllium for initial processing. Pen points to fixed airhead sampler that appears to be above the hood, thereby reducing its efficacy. This FAH was not part of the exposure assessment, but it did record high concentrations especially in the early 1970's. 
